INTRODUCTION
The extensive literature review using ScienceDirect database revealed that most of the fin analyses mainly deal with the temperature distribution and thermal performance [1, 2] . The further extension of those analyses such as the effect of heat transfer on the material behaviour was ignored. While, the thermal loading is responsible for the various mechanical failures such as fatigue failure, crack propagation, creep and delamination, etc. For an annular fin, the thermal stresses are developed due to a non-uniform temperature gradient. Recently, Mallick et al. [3] presented thermal stress analysis of a conductive-convective annular fin with variable thermal conductivity. Another aspect of the fin analysis is designing the thermo-mechanical parameters in a controlled stress field. In this regard, instead of expensive and rigorous material testing one can estimate the various thermal parameters for a reference stress field using the inverse analysis. The inverse analysis is mathematically ill-posed and gaining rapid popularity due to the computational advancement. Few researchers have reported the inverse study for estimating the thermophysical parameters for a reference temperature field in the fin [2, 4] .
The aim of this study is to present the effect of radiation on the thermal stresses in an annular fin and the inverse study for estimating the thermo-mechanical parameters for a reference stress field:
GOVERNING EQUATIONS
Consider an isotropic and homogeneous thin annular fin of a rectangular profile having an inner radius r i , outer radius r o and thickness t as shown in Fig.1 . The base of the fin is attached to a surface with a fixed temperature, T b , and the peripheral surfaces are exposed in the surrounding medium with an ambient temperature, T a . The effective sink temperature for radiative heat transfer is taken as T s . The tip of the thin fin is assumed to be adiabatic. The thermal conductivity and surface emissivity are assumed to be as a linear function of temperature and can be expressed as: (
FIGURE 1. Geometry of an annular fin

THERMAL STRESSES
Neglecting the body force and inertia, the stress equation of equilibrium for thin axisymmetric thin annular fin can be expressed as [3] ,
where r and are the radial and tangential stresses induced due to thermal loading only. The stress-straintemperature relationship following classical theory of elasticity yields,
where r and are the radial and tangential strain, is the Poisson's ratio, is the co-efficient of linear thermal expansion, and E is the Young's modulus. Strain-displacement relations in the axisymmetric polar coordinate system are, 
On Substitution of Eq. (8) into Eq. (7) and using the Eq, (6), the displacement, u r can be expressed as,
where C 1 and C 2 are the constants of integration. The constants, C 1 and C 2 are evaluated from the traction free boundary conditions ( r = 0 at r = r i and r o ) at outer and inner edges and using the Eqs. (7), (8) and (9) 
where , and
The von Mises stress in this problem can be expressed as,
The details of all the non-dimensional parameters are described in the nomenclature.
RESULTS AND DISCUSSION
In this section, the results of heat transfer on the temperature distribution and its effect on thermal stresses are discussed. Unless mentioned otherwise, the thermal parameters = 0.3, N c = 0.6, M = 0.1, R = 0.5, = 1.0 and R = 2 are considered throughout the analysis. In order to demonstrate the accuracy of the present HPM based closed form solution, the results are compared with the numerical solution based on finite element method (FEM). Table 1 compares the HPM results with FEM results for temperature distribution, radial stress distribution and the tangential stress distribution. The results revealed a good agreement that confirmed the correctness of the present HPM based closed form solution for temperature distribution and thermal stresses. The maximum percentage of errors are found to be 0.2224%, 2.1041% and 6.2012% for temperature, radial stress and tangential stress respectively.
We now examine the effect of radiation on the temperature field and stress field. Fig.2a illustrates the temperature distribution for non-radiative fin and radiative fin with different variable radiative parameters. It can be seen the higher tip temperature is observed in the non-radiative fin. Further, the tip temperature decreases with the increase of variable radiative parameters. This result is quite obvious as the radioactive fin continuously dissipates heat from fin surfaces to the surrounding. On the other hand, the radiation adversely affects the fin material due to high thermal stresses as shown in Fig. 2b -d . The magnitude of radial stress, tangential stress and the von-Mises stress increases with the increase of radiative parameter. The temperature gradient increases with the increase of radiative parameter, result in the increase of thermal stresses. The radial stress behaves as compressive, and the maximum value lies about at the one-third of the radial distance from the base of the fin. The mixed behaviour (tensile and compressive) of tangential stress can be seen in Fig.2c . The magnitude of maximum tangential stress is found to be at the bore of the fin, and it is about eight times of the maximum value of the compressive stress. Thus, the tangential stress is more pronounced in an annular fin as compared to radial stress and the chance of mechanical failure may occur due to tangential stress. Fig. 2d shows the variation of von-Mises stress and its maximum value lie at the bore. The analysis of von-Mises result is important for the failure analysis of a fin made of ductile materials. 
Comparison of radiative and non-radiative fin and the effect of radiative parameters on non-dimensional temperature field and stress fields.
Next, three thermo-geometrical parameters, N c , M and R are inversely estimated for a preassigned stress field. For this purpose, HPM based closed form solution of tangential stress field is taken as forward solution. The same thermal parameters as mentioned above are considered in the forward solution. Fig. 3a illustrates the variation of function values of the inverse analysis using differential evolution (DE) method. It can be seen that the function value gradually converges with the simulation time. Fig. 3b -e depict the variation of inverse parameters for different Table 2 shows the inversely estimated parameters for different runs. Now, the stress fields are reconstructed using the inversely estimated parameters and compared with the forward solution in Fig. 4 . A very good agreement is observed. However, the temperature field estimated from the inverse parameters are completely different from the forward temperature field. This result suggests that the thermal efficiency can be improved in a controlled thermal stress through proper tuning of fin the parameters. 
CONCLUSSIONS
The HPM based closed form solutions for temperature field and stress fields of a conductive-convectiveradiative annular fin made of isotropic materials are successfully derived. The radiation increases the temperature gradient, and thus can adversely affect the fin materials by increasing the thermal stresses. The heat transfer can be enhanced in a controlled stress field by inversely estimating the proper combinations of thermo-mechanical parameters. The present analysis provides a technical significance in fin designing. Non-dimensional radial stress Non-dimensional radius ( )
